The distribution of the sperm-, lectin-and antibody-binding components was examined on isolated fragments of the hamster zona pellucida. In all three studies, binding was much stronger on the outer than on the inner surface of the zona pellucida. Fab antibody-binding sites were different from those for various lectins since there appeared to be no competition for binding. Multiple components are obviously exposed on the surfaces of the zona pellucida because the sperm receptor sites are also inaccessible to Fab fragments. We conclude that although the components may be present throughout the zona they are asymmetrically arranged in relation to both surfaces.
Introduction
Early events during fertilization may be viewed as a form of highly complex cell-cell recognition, whereby the weak or non-specific initial binding is followed by a highly species-specific sperm penetration of the zona pellucida. The series of events which are interposed between sperm-zona binding and sperm-oocyte fusion have long been attributed to a set of mutually complementary cell-cell adhesion molecules or receptors on the surfaces of interacting gametes. An understanding of the distribution and biochemical nature of these molecules is crucial for the analysis of molecular events underlying fertilization in mammals (Austin, 1977; Edwards, 1980) . Both the surfaces interacting during fertilization are highly antigenic and an immunochemical approach could be suitable for the isolation and characterization of molecules involved in spermegg adhesion. One way of obtaining the preliminary information on cell adhesion molecules that is essential for their subsequent isolation is by selectively blocking the cell surface components and interfering with adhesion (Frazier & Glaser, 1979) . In numerous studies, plant lectins, enzymes and antibodies against male and female gametes have been used to inhibit sperm-egg adhesion. Unfortunately, much of the information yielded by these experiments has been confusing, due mainly to the multivalent nature and non-specific actions of these probes (Yanagimachi, 1977 (Yanagimachi, , 1981 Edwards, 1980) . However, probes of better definition are now available. Monoclonal antibodies, which permit analysis of individual molecules on the cell surface, have revealed certain antigenic determinants on both gametes which may be involved in fertilization (Drell & Dunbar, 1981 ; Isojima, Koyama & Hasegawa, 1981 ; Myles, Primakoff & Bellvé, 1981 ; Schmell, Yuan, Gulyas & August, 1982) . Fab antibody fragments have shown that auto-and hetero-antigens on the sperm surface are involved not only in binding with the zona pellucida, but also in the sperm acrosome reaction and spermoocyte fusion (Tzartos, 1979; O'Rand, 1981; Yanagimachi, 1981) . The glycoproteins of the zona pellucida have been isolated and one low molecular weight component of the mouse zona has been shown to possess sperm receptor activity (Bleil & Wassarman, 1980) . Our own studies on the mechanism of sperm-egg recognition and binding in the hamster have shown that although strong antigens are present on the zona, they are not involved in the early fertilization events (Ahuja & Tzartos, 1981) . Further studies also provided evidence that a protein component on the zona binds with multiple sugar-containing ligands on the sperm surface and this protein-carbohydrate binding may be responsible for early sperm-egg interactions (Ahuja, 1982a, b) . In this paper we analyse the distribution of various components of the hamster zona pellucida in relation to the inner and outer surfaces. We also report a micro-disc electrophoresis method for the analysis of the zona pellucida, similar to one previous study (Repin & Akimova, 1976 ) but using gradient gels.
Materials and Methods
Preparation ofanti-zona Fab fragments. Rabbit -globulins against the hamster ovary were digested with papain and the resulting preparation was made zona specific by absorption with somatic tissues according to previously described methods (Ahuja & Tzartos, 1981) .
Binding of antibodies and lectins to zona fragments. The zona fragments were isolated by mechanically rupturing the cumulus-free oocytes and groups of 10-15 fragments were incubated with the preimmune or immune Fab solution for 30 min. They were then washed 3 times in Tyrode solution (Ahuja & Tzartos, 1981) , allowing 20 min between each wash, and transferred to culture droplets containing goat anti-rabbit IgG (5 mg/ml) or one of the 3 lectins used in this study (see Plate 2 for details). Control treatments for lectins Ricinus communis agglutinin (RCA-I) (200 µg/ml), wheat germ agglutinin (WGA) (20 µg/ml) and Dolichos biflorus agglutinin (DBA) (200 µg/ml) also contained 20 mM-galactose, 7V-acetylglucosamine and N-acetylgalactosamine respectively. After 15 min, the zona fragments were removed from the antibody or lectin solutions, washed extensively in Tyrode solution and pressed between a cover-slip and slide for observation under the phasecontrast microscope. Some of the antibody-coated zona fragments were also exposed to 0-01% pronase in Tyrode to analyse the enzyme resistance of the 2 surfaces of the zona pellucida.
In-vitro sperm binding to isolated zona fragments. Mature epididymal spermatozoa were capacitated by culturing with cumulus masses for 5 h in 5% C02 in air as previously described (Ahuja & Tzartos, 1981 ; Ahuja, 1982c) . Groups of 5-10 zona fragments, treated or untreated with antibodies, were transferred to 10 µ droplets containing capacitated spermatozoa. After 45 min, the zona fragments were removed from culture drops, washed by mild pipetting and observed under the inverted phase-contrast microscope for sperm binding.
Electrophoretic analysis ofzonae pellucidae. Isolated zonae were solubilized at a concentration of 60-100 zonae/µ as described previously (Ahuja & Tzartos, 1981) . Microelectrophoresis on polyacrylamide gradient gels was carried out in 5 µ capillary tubes as described by Neuhoff (1973) . For electrophoresis without SDS, heat-solubilized zonae were diluted with 20 mM-Tris-HCl buffer at pH 8-6 to a concentration of 40 zonae/µ , and 0-5 µ samples of the resulting solution were subjected to electrophoresis in 50 mM-Tris-glycine buffer, pH 8-4, for 30 min at 60 V. For studies of the association of the zona constituents, 4 M-urea, 0-25-1-0 M-LiCi, 1% Triton X-100, or all three components were included in the sample buffer. In these cases electrophoresis was carried out until the dye front (bromophenol blue) reached the end of the gel. For SDS-PAGE, zona samples were diluted with sample buffer to a concentration of 50 mM-Tris-HCl (pH 6-8), 25 mM-dithiothreitol, 10% glycerol, 1% SDS and 0006% bromophenol blue with 40 zonae/µ and heated at 95°C for up to 10 min; 0-5 µ samples were then subjected to electrophoresis in 50 mM-Tris-glycine buffer (pH 8-4) containing 0-1% SDS for 30 min at 60 V. SDS-PAGE was sometimes followed by a second PLATE 1 The binding of antibodies to isolated zona fragments from hamster oocytes. The zona fragments were first incubated with the anti-zona Fab preparation (Fig. 1, control;  Fig. 2 , 0-45 mg/ml; Fig. 3 , 1-8 mg/ml; Fig. 4 , 90 mg/ml), washed and then treated with goat anti-rabbit IgG (5 mg/ml).
(Facing p. 50) electrophoresis using 20 mM-barbitone sodium buffer (pH 8-6) for a further 30 min at 60 V. Gels were stained for proteins with Coomassie blue and for carbohydrates by the silver method of Dubray & Bezard (1982) . Gels were scanned on a Joyce-Loebl Microdensitometer as described by Neuhoff (1973) .
Results

Binding of antibodies to zona fragments
When the zona fragments were treated with the rabbit preimmune or immune Fab preparations and observed under the phase-contrast microscope, no change in the light-scattering properties of the zona pellucida was observed. However, when these fragments were washed and further treated with the goat anti-rabbit IgG, the heavy precipitate which formed on the zona pellucida previously treated with immune Fab, but not preimmune Fab, scattered light strongly. The precipitate appeared on one or both surfaces of the zona pellucida, depending on the concentration of the Fab antibodies used (Plate 1). At a lower concentration (450 µg/ml) the precipitation occurred on the outer surface only, but with increasing concentration it appeared on the inner surface as well, strongly suggesting the presence of antigens on both surfaces of the zona pellucida. This effect was not due to inaccessibility of the inner surface to antibody molecules because small fragments with both surfaces exposed showed the same effect.
Effects of antibodies on the resistance to proteolysis and sperm binding properties of the two surfaces of the zona pellucida were also investigated. Capacitated spermatozoa bound to both surfaces of the zona pellucida, although the number of spermatozoa bound to the outer surface was much higher than to the inner surface (Table 1 ). This binding was not inhibited by high concen¬ trations of preimmune or immune Fab antibodies. As detected by the resistance of zona to dissolution in pronase, these antibodies did not change the response to pronase of the zona pellucida either. However, the exposure of Fab-coated zona fragments to multivalent goat antirabbit IgG had a different effect on the sperm receptor and physical properties of the zona surfaces. At higher concentrations of the immune Fab antibodies, both the surfaces exhibited strong resistance to pronase; with decreasing concentrations, however, the inner surface of the zona pellucida lost its resistance much earlier than did the outer surface. In pronase, the thinning of the antibody-coated zona fragments began from the internal surface and, depending on the concen¬ tration of immune Fab used, it reached the external surface in 10 min (0-9 mg Fab/ml) or 1 h (1 -8 mg PLATE 2
Binding of lectins to isolated zona fragments, untreated or treated with the immune Fab preparation (see 'Materials and Methods' for details). Fig. 5 . Immune Fab only (18 mg/ml). Fig. 6 . Goat anti-rabbit IgG only (5 mg/ml). Fig. 7 . Immune Fab (18 mg/ml) + goat anti-rabbit IgG (5 mg/ml). Fab/ml). The sperm receptivity of the inner surface was impaired even at concentrations at which the light scattering or resistance to pronase was not evident (Table 1) . At the lowest concentration of the Fab antibody studied (450 µg/ml) there was a possible faint precipitate line on the zona pellucida ; this line was not strong enough to cause any light-scattering from the zona or provide any mechanical resistance to pronase, but was sufficiently strong to prevent sperm-zona binding at the inner surface.
Binding ofplant lectins to zona fragments
When observed under phase-contrast optics, all 3 lectins tested (RCA-I, WGA and DBA) caused strong precipitation of the zona pellucida. However, in the presence of 20 mM-galactose, -Nacetylglucosamine and -A^acetylgalactosamine, respectively, the precipitate did not appear, suggesting the specific nature of the lectin binding. When the Fab antibody-coated (18 mg/ml) zona fragments were exposed to these lectins for 5-10 min, strong precipitation of the outer surface of the zona pellucida occurred. The amount of light scattered from the zona suggested that the precipitation caused by the lectins was as intense in the presence of Fab antibodies as in their absence and it was similar to the precipitation observed with goat anti-rabbit IgG (Plate 2). Fab antibodies are mainly carbohydrate free, although TV-acetylglucosamine residues may be present in 40% of the population (Smyth & Utsumi, 1967) . However, no increase in the intensity of precipitation was observed with WGA.
Electrophoretic analyses of zona components
Heat-solubilized zona preparations subjected to micro-disc gradient gel electrophoresis barely entered the gel, indicating an extremely high molecular weight complex, as shown previously for porcine (Dunbar, Wardrip & Hedrick, 1980; Gwatkin, Andersen & Williams, 1980) and hamster (Gwatkin, 1978) zonae. The complex stained for protein and glycoprotein, was not dissociated with 4 M-urea, up to 1 M-LiCl, 1% Triton X-100 or by combinations of all three, indicating that electrostatic forces or hydrogen bonding are not important in the association. The complex did, however, migrate as a single band and comparison with a myosin marker indicated a molecular weight in excess of 500 000. SDS-PAGE in the presence of dithiothreitol completely dissociated the complex into two visible components of apparent molecular weight of about 80 000 and 240 000. SDS alone effected only partial dissociation. Both components stained positively for protein and carbohydrate and exhibited the diffuse type of banding characteristic of glycoproteins in the presence of SDS (Text- fig. 1 ). The disruption of the complex under such treatment probably indicates that hydrophobic and sulphydryl interactions may be important in the association.
SDS-PAGE followed immediately by a second electrophoresis in the same direction without SDS revealed the presence of a third visible band of apparent molecular weight of 150 000. This sharpening of diffuse bands by removal of excess SDS has been described by Neuhoff (1973) .
Text- fig. 1 . Densitometer traces of micro-gels stained with Coomassie blue showing the separation of the components of zona pellucida by (a) electrophoresis of SDS-treated zonae in 50 mM-Tris-glycine buffer (pH 8-4) containing 0-1% SDS for 30 min at 60 V, and (b) as (a) but followed by electrophoresis in 20 mM-barbitone sodium buffer (pH 8-6) for 30 min at 60 V. (c) Molecular weight determination of zona components. Migration distance from the top of the gels is plotted against log molecular weight. The gel system was calibrated using proteins of known molecular weight run under identical conditions. The results from at least 10 determinations are shown. C, carbonic anhydrase (Mr 30 000); O, ovalbumin (Mr 45 000); b, bovine serum albumin (Mr 68 000); p, phosphorylase (Mr 96 000); m2, rabbit myosin heavy chain (Mr 210 000); m,, myosin (Mr 470 000); hsz, position of heat-solubilized zona; hzp, positions of zona components-hzp, (Mr 240 000), hzp2 (Mr 150 000) and hzp3 (Mr 80 000).
Discussion
The present method of zona pellucida analysis by the micro-disc gel electrophoresis system was very reliable and could be repeated many times because only small amounts of material were needed. The method also permitted use of the relatively purer zonae from ovulated eggs whereas previous studies with porcine oocytes have used oocytes isolated from ovarian tissue which could have been contaminated by or subjected to protease activity (Dunbar et al., 1980; Gwatkin et al., 1980; Noda, Mori, Takai, Kohda & Nishimura, 1981) . Although 3 major components of Mr 80 000, 150 000 and 240 000 were detected, as found for the mouse by Bleil & Wassarman (1980) , microdensitometer scans of many gels did not eliminate the possibility of minor components as found for the porcine zona pellucida (Dunbar et al., 1980) . In the mouse the low molecular weight component functions as the sperm receptor (Bleil & Wassarman, 1980) . Considering that the sperm receptor in the hamster zona pellucida is a weak antigen (Ahuja & Tzartos, 1981) , it is tempting to speculate that, like the mouse, higher molecular weight components, particularly the 240 000 Mr glycoprotein, may be responsible for the antigenicity of the zona pellucida.
The differential binding of Fab antibodies to the two surfaces of the hamster zona pellucida suggests immunological dissimilarity between the inside and outside of the zona. This can probably be accounted for by any or all of the following three possibilities. (1) Antigens located on the two surfaces of the zona may have different affinities towards antibody molecules ; amongst different antigens, the most immunogenic may be located on the outer surface and the least immunogenic on the inner surface. It has been shown that 2 out of 4 antigens of the porcine zona pellucida remain unexposed at the surfaces of the zona (Died, Czuppon & Mettler, 1982). (2) There may be a real difference in the concentration of the immunogenic substance on the two surfaces. The outer surface may have a much higher concentration of the antigen than the inner surface and there may be a concentration gradient in the distribution of the antigenic material in the zona. This explanation, however, does not derive much support from previous experiments with FITCconjugated Fab antibodies (Ahuja & Tzartos, 1981) . (3) The zona pellucida may be homogeneous antigenically, but the two surfaces may differ in porosity so that the outer more porous region allows easier diffusion of antibody molecules and provides greater surface area for the antigen-antibody reaction. In contrast to the fenestrated lattice-like outer surface of the hamster zona, the internal surface gives an irregular paniculate appearance (Phillips & Shalgi, 1980) . Also consistent with this suggestion is a study on the bovine zona, in which the immunochemical treatment of relatively thick sections of the zona pellucida produced heavier labelling of both the surfaces, in contrast to the uniform labelling with semithin sections (Fléchon & Gwatkin, 1980) . The heterogeneous structure of the zona pellucida may also be the reason for the unequal distribution of sperm binding sites within this layer.
The chemical nature of the antigenic determinants on the zona pellucida is totally unknown. However, prompted by the knowledge that the exterior of the zona is rich in saccharides which determine the antigenicity of numerous substances including the blood group antigens, and also by the remarkably identical precipitation of the zona pellucida by plant lectins and anti-zona antibodies, some workers have been led to speculate that the anti-zona antibodies are directed against the more superficial saccharides on the zona pellucida . If antibodies and lectins bind with the same surface components on the zona, the binding of lectins or antibodies should influence the binding of the other by competition. As shown by the present study, however, this does not seem to happen. Precipitation of the zona surface by the three lectins was not inhibited by previously treating the zona fragments with high concen¬ trations of the immune Fab fragments (Plate 2). Therefore, it can probably be suggested that the lectins and some antibodies may not share common binding sites on the zona. However, only complete or considerable inhibition of lectin binding could be detected by the present test; the test was not sensitive enough to detect minor quantitative differences in the binding of lectins to the antibody-coated zona fragments. Further studies on the chemical nature of antigenic determinants would require the isolation of zona glycoproteins, and would be greatly facilitated by the micro-disc gel electrophoresis system described in this paper.
